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57} ABSTRACT

A ceramic composition, comprises a fired product of a
starting material mixture containing 10% by weight to
70% by weight of silicon dioxide powder added to
mullite powder fired at 1500° C. to 1650° C.

5 Claims, 3 Drawing Sheets
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1
CERAMIC MULLITE-SILICA GLASS COMPOSITE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a ceramic composi-
tion, and more particularly, to a ceramic composition
which can be used as the material for electronic parts.

2. Description of the Related Art

The demands for an increased signal propagation
speed, high density, and lower cost of electronic parts,
have brought the following essential requirements for
the package and the substrate material constituting the
electronic parts:

(1) a low dielectric constant; (2) characteristics such
as a thermal expansion coefficient matching that of a
semiconductor device (low thermal expansion ratio); (3)
a high mechanical strength; (4) a high thermal conduc-
tivity; and (5) a low cost. In addition, the reliability as
an electronic part, such as hermeticity, is also essential.

In response to these requirements, ceramics such as
aluminum nitride ceramic, silicon carbide ceramic, low
temperature fired ceramic, mullite ceramic, have been
developed. |

Among these ceramics, mullite ceramic has a lower
dielectric constant and lower thermal expansion ratio
than those of the alumina ceramic used in the prior art,
but has substantially the same material cost. Another
ceramic having a low dielectric constant and low ther-
mal expansion ratio is a low temperature fired ceramic,
but this has higher material cost and lower strength than
the above mullite. Also, although a lower electric resis-
tivity material (gold, silver, etc.) can be used as the
metallizing material, compared with the tungsten or
molybdenum employed for an alumina ceramic or mull-
ite ceramic, the problem of cost or technique arises.
Further, the soldering material is limited for a low tem-
perature fired ceramic.

In'contrast mullite ceramic has the advantages that
the metallizing or soldering of external leads, and the
formation of a resistor by post-firing can be carried out
with a high reliability by using the methods applied to a
conventional alumina ceramic; that in the constitution
of a package, when a metal plate of molybdenum or a
metailized high thermal conductivity ceramic is
soldered as the heat dissipating portion, both the mate-
rial and the method which have been conventionally
used for alumina ceramic are applicable; and that, dif-
ferent from the case of alumina ceramic, the mullite
ceramic guaranties a reliable bonding strength between
the ceramic and the heat dissipating plate as well as
between the ceramic and the semiconductor device.

Accordingly, mullite ceramic is most suitable for
meeting the requirements for a package and substrate
material for electronic parts, but has the following dis-
advantages in coping with recent demands for a higher
speed and higher density of the electronic parts.

(1) When mounting a bare chip or flip chip to increase
the density, the mullite ceramic of the prior art has an
inadequately small thermal expansion coefficient.

(2) To obtain a higher signal propagation speed, the
dielectric constant of mullite ceramic of the prior art,
i.e., 7.0 or higher, is not sufficiently low. Namely, a
value of lower than 7.0 is required as the dielectric
constant for the above purpose.

A mullite ceramic with a low dielectric constant, for
example, can be obtained by lowering the density of the
sintered product, but in this case, other characteristics
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such as the mechanical strength will be undesirably
lowered. Also, as the flexural strength of a mullite ce-
ramic, a value of more than 3000 kg/cm? has been ob-
tained by using a very pure and fine starting material
powder, but these sintered products, due to minute
amounts of liquid phase formed during the firing can
form a conductor by the co-firing of conductor mater:-
als such as tungsten and molybdenum, whereby the
adhesive strength of the metallized layer obtained by
firing is too low for practical application. The adhesive
strength of the metallized layer can be improved by
adding, for example, a group Ila element compound
such as MgO to the starting material powder of mullite,
but in this case a problem arises in that the flexural
strength of the sintered product is very low.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to -
provide a ceramic compound substrate material, partic-
ularly for electronic parts, e.g., a package, having very
high properties.

According to the present invention, there is provided
a ceramic composition, comprising a fired product of a
starting material mixture containing 10% by weight to
70% by weight of silicon dioxide powder added to
mullite powder fired at 1500° C. to 1650° C.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows X-ray diffraction patterns of the ce-
ramic composition according to the present invention
and the starting material powders used for the ceramic
composition;

FIG. 2 is an electron microscope photograph repre-
senting the grain structure of the sintered product sur-
face of the ceramic composition of the present inven-
tion;

FIG. 3 is an electron microscope photograph repre-
senting the grain structure of the sintered product sur-
face of the mullite ceramic of the prior art; and,

FIG. 4 is a graph showing the thermal expansions of
the ceramic compositions according to the present in-
vention (MS1 and MS2) and 92% by weight alumina .
ceramic, the mullite ceramic of the prior art, and silicon.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention
will now be described. |

The ceramic composition according to the present
invention is a fired product of a starting material mix-
ture containing 10% by weight to 70% by weight of
silicon dioxide (8103) powder added to mullite powder
at 1500° C. to 1650° C. When the amount of silicon
dioxide powder is less than 10% by weight an adequate
modification of the characteristics cannot be achieved,
and when the amount of silicon dioxide powder is more
than 70% by weight the composite body may be de-
formed during sintering at a temperature of 1500° C. to
1650° C. is required to obtain a dense or sintered body.
When a simultaneously fired metallized layer is formed
by using tungsten paste, preferably the firing i1s carried
out in neutral or reducing atmosphere at a firing tem-
perature of 1550° C. to 1600° C. -

When 409% or less of silicon dioxide is added to obtain

" a dense sintered product, at least one of the group Ila

element compounds or the group Illa element com-
pounds must be added as the sintering aid to the starting
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material powder. The amount of the group Ila element
compound or the group IIla element compound is pref-
erably 0.1% to 5% by weight for the weight of the
mullite in the starting material mixture. The total
amount added may be smaller when two or more kinds
are simultaneously added than when only one kind is
added, when the amount of the group Ila or IIla ele-
ment compound is less than 0.1% by weight sufficient
densification will not be achieved, and when the
amount thereof is more than 5% by weight the flexural
strength tends to decrease and the dielectric constant
will increase. The amount of the sintering aid added to
promote densification of the sintered product may be
slightly varied depending on the particle size distribu-
tion of the starting material powder or the firing tem-
perature.

When the thus obtained sintered body is applied as an
insulating substrate material, the flatness of the substrate
must be improved. Therefore, after completing the
firing, a flattening process for removing warping and
strain is carried out by loading a substrate with a flat jig
at a temperature lower than that of the firing process.
When the flattening process is carried out, flecks or
spots are often generated in the substrate including at
least one of the group Ila element compounds and the
group IIla element compounds of the periodic table
depending on the added amount, the mullite/silicon
dioxide ratio or the temperature used during the flatten-
ing process. Although these flecks or spots generated in
the substrate do not affect the electrical properties such
as insulating resistance, dielectric constant, and dielec-
tric loss, and mechanical properties such as flexural
strength such flecks or spots lower the commercial
value of the article. To prevent this phenomena, the
addition of 2% or less by weight of the group Va ele-
ment oxide to the mullite powder in the starting mate-
rial mixture i1s carried out. Namely, when a suitable
amount of the group Va element compound is con-
tained in the starting material mixture, even if the flat-
tening process is effected after the firing process, no
flecks or spots are generated.

FIG. 1 shows X-ray diffraction patterns of the ce-
ramic compositions according to the present invention,
in which a is silicon dioxide powder, b is mullite starting
material powder, c is a sintered product having 2% by
welght of Y203 added as the sintering aid in the mullite
starting material powder, and d is a sintered product

having 40% by weight of silicon dioxide powder added

in the mullite starting material powder in which the
sintering aid Y03 was added. According to the X-ray
diffraction patterns, in both the sintered products ¢ and
d, only the diffraction peak of the mullite single phase
can be recognized. This suggests that, although the
silicon dioxide added as the starting material powder is
crystalline, it 1s amorphous in the sintered product.
FIG. 2 shows an electron microscope photograph
(SEM image) of the sintered product surface having
40% by weight of silicon dioxide added therein. Ac-
cording to this Figure, the mullite crystal particles are
dispersed in the glassy phase of the obtained sintered
product which is quite different from the convential
mullite ceramic (FIG. 3), the mullite crystal particles
are sintered as dispersed in the glass phase. A sintered
product similar to this can be also obtained by calcina-
tion and firing of a mullite precursor (amorphous) com-
prising an alumina/silicon dioxide mixture with an en-
larged compositional ratio of silicon dioxide obtained
by the sol-gel method, for example. These composi-
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tions, however, have generally low optimum tempera-
ture ranges for densification and are not suitable for the
formation of a metallized layer by simultaneous firing
with a conductor material such as tungsten, and further,
have a lower flexural strength, thus having different
properties from the ceramic composition of the present
invention.

As the starting material powder in the present inven-
tion any mullite powder (i.e., produced by an elec-
trofusing process, a firing process or a chemical syn-
thetic process such as the sol-gel method or others) can
be used. To obtain various characteristics such as me-
chanical strength and green sheet moldability, a good
mullite powder having as high a purity as possible is
preferred, and preferably having an average particle
size of from 0.6 um to 4 um.

As silicon dioxide powder which is used as the start-
ing material a reagent powder obtained by a pulveriza-
tion of pure siliceous stone and electrofused silica can be
used. Note, an electrofused silica, which is amorphous,
may cause cracks to form, depending on the amount
added or the firing conditions, and form a very brittle
sintered product. Also, the formation of crystobalite
phase may occur.

The average particle size of the silicon dioxide pow-
der is preferably about | pm to 50 um, in view of the
castability and sintering behavior of the green sheet.
During the casting of the green sheet, although also
depending on the viscosity of the slurry, the mullite
powder and the silicon dioxide powder may be distrib-
uted separately in the thickness direction of the green
sheet due to a difference in their specific gravities,
which tends to cause warping of the sintered product,
and therefore, to prevent the separation of the compo-
nents the particle size of silicon dioxide is preferably
slightly larger than that of the mullite starting material
powder but not more than 5-fold.

To promote the sinterability of the starting material
mixture, one or two or more of the group IIa element
compounds or the group Illa element compounds may
be added at the same time. The amount added, which
depends on the mullite/silicon dioxide ratio, the particle
size distributions of the respective starting material
components, and the kinds of the compounds added, is
generally 5% or less by weight based on the weight of
the muliite in the starting material mixture.

To obtaip a dense and uniform sintered product the
necessary and sufficient amounts added of these group

- IIa element compounds or the group Illa element com-

pounds added vary depending on the mullite/silicon
dioxide ratio. Namely, when the amount of silicon diox-
ide added is smaller, a large amount of the group Ila
element compounds or the group IIla compounds must
be added, and conversely, if the-amount of silicon diox-
ide added is larger, a smaller amount of the group Ila
element compounds or the group IIla element com-
pounds must be added.

Although depending also on the particle size distribu-
tion of the starting material powder, when the silicon
dioxide content is more than 60% by weight, the sin-
tered product can be sufficiently densified at a tempera-
ture of from 1500° C. to 1650° C., even if a group Ila
element compound or group II1a element compound is
not added. |

When the amount of silicon dioxide added is more
than 70% by weight, an excessive liquid phase will be
formed during firing at a temperature of from 1500° C.
to 1700° C., and a metallized layer may be formed by a
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simultaneous firing of a conductor material, whereby
the sintered product will be deformed or firmly adhered
to a setter for firing.

To observe the difference in action depending on the
kind of the group Ila element compound or the group 5
IIIa element compound to be used as the sintering aid,
- among the group Ila element compounds, MgO,
Mg(OH);, and MgCOQO3 have the greatest densification
effect at a minimum amount, but 1.5-fold more in
amount had to added when using CaCQO3 and BaCOs, to
obtain the same density as when MgO was added.

Among the group IIla element compounds, Y203 and
CeO have greater effects at a small amount, similar to
MgO, while Lay(CO3); or La»CO3 has a smaller effect,
so that they must be added in the comparison of a larger
amount compared with CaCQOs3, but no difference was
seen in the densification effect of YoO3 and YFs.

As the group Va element oxides added to prevent
flecks or spots generated during the flattening process,
V205 NbyOs, and TazOs are preferable. Among the 20
above, Nb2Os is the oxide most effectively preventing
the generation of the flecks, in that even the addition of
only about 0.5% by weight to the mullite powder con-
tained in the starting material mixture had a sufficient
preventive effect.

On the other hand, although the addition of V20s
prevented the generation of flecks or spots a tendency
to color the:entire sintered body was recognized. Fur-
ther, the addition of Ta;Os had the required effect but
the larger amount than that of Nb>Os should be added.

The ceramic composition of the present invention
thus obtained has a excellent thermal expansion coeffici-
ent of 2.3 to 4.3 X 10—6/° C., a dielectric constant of 4.8
to 6.9 (1 MHz), and a flexural strength of 1800 kg/cm?
to 3100 kg/cm?, close to the flexural strength of 92% by
weight alumina ceramic frequently used in the prior art
as the material for electronic parts.

The flexural strength of the ceramic composition of
the present invention also may depend on the particle
size distributions of the mullite powder and the silicon
dioxide powder and the compositional ratio of the re-
spective powders, and is about 3000 kg/cm? at a compo-
sitional ratio of mullite of 70% by weight to 80% by
weight, which is about 1.5-fold of the value (2000
kg/cm?) obtained for the single substance of muilite. 45
Therefore, the reason why the ceramic composition of
the present invention has a great flexural strength may
be due to the increased flexural strength obtained by
either one or both of the actions of the crack diffraction
mechanism by the dispersed mullite particles and the 50
prestress mechanism due to a difference in the thermal
expansion coefficient of the mullite particles and the
quartz glass formed during firing.

More specifically, then the silicon dioxide powder
used as the starting material is a pulverized product of 55
pure siliceous stone, it is recognized to be crystalline by
X-ray diffraction, and the thermal expansion ratio
thereof is as high as about 14X 109/° C. (c-axis direc-
tion). Nevertheless, as mentioned above, since silicon
dioxide is amorphous in the ceramic composition of the
present invention, the thermal expansion coefficient
thereof is considered to be about 0.5X10—¢/° C,,
whereby prestress is considered to act near the surface
of the mullite particle through the difference of the
thermal expansion coefficient of the mullite particles of 65
about 4.5 10—6/° C.

The occurrence of crack diffraction can also be real-
ized during breaking of the sintered product of the
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present invention when the microstructure of the bro-
ken surface of the sintered product of the present inven-
tion is observed to have a remarkable unevenness com-
pared with the broken surface of the mullite single sub-
stance, but it is observed that a drawing toughening
mechanism accompanying the conversion of the mullite
particles to needles, as known in porcelains, etc. con-
taining the mullite phase, has participated therein.

This increased mechanical strength, which may also
depend on the preparation method, is a specific feature
of the sintered product of the present invention, and can
meet the demand for a material for electronic parts.

The present invention is described in detail below
with reference to Examples.

EXAMPLE 1

To 66.7 parts by weight of electro-fused mullite pow-
der with an average particle size of about 2 um were
added 31.3 parts by weight of silicon dioxide powder
with an average particle size of about 10 pm, and 2.0
parts by weight of Y203 powder with an average parti-
cle size of about 1 um were further added followed by
ball mill mixing for 24 hrs. using a n-butanol toluene
mixture as the dispersing medium.

Then, 4 parts by weight of di-n-butyl phthalate and 8
parts by weight of a polyvinyl butyral were added,
followed by ball mill mixing for a further 24 hours.

The resultant mixture was defoamed under vacuum
and formed into a sheet by the doctor blade method.
The green sheet obtained had a density of 1.79 g/cm’.

The sheet was then fired in a weak reducing atmo-
sphere of 1570° C. for 2 hours to obtain a sintered prod-
uct having a density of 2.77 g/cm>?.

EXAMPLE 2

To 66.7 parts by weight of electro-fused mullite pow-
der with an average particle size of about 2 pm were
added 33.3 parts by weight of silicon dioxide powder
with an average particle size of 10 um, and a green sheet
was prepared by the same procedure as in Example 1.
The green sheet was divided into two portions, and in a
weak reducing atmosphere, one portion was fired at
1570° C. and the other portion was fired at 1610° C,, for
2 hours.

The sintered product obtained by firing at 1570° C.
had a density of 2.39 g/cm?, and that obtained by firing
at 1610° C. had a density of 2.75 g/cm?.

EXAMPLE 3

To 66.7 parts by weight of electro-fused mullite pow-
der with an average particle size of about 2 um were
added 33.3 parts by weight of silicon dioxide powder
with an average particle size of 10u, followed by 1 part
by weight of magnesium oxide, and a green sheet was
prepared and fired by the same procedure as in Example
1

The sintered product obtained had a density of 2.74
g/cm?.

EXAMPLE 4

To 59 parts by weight of mullite powder with an
average particle size of about 1 um obtained by the
sol-gel method were added 40 parts by weight of silicon
dioxide powder with an average particle size of about
10 um followed by 1 part by weight of yttrium oxide

powder, and a green sheet was prepared and fired by
the same procedure as in Example 1.

The sintered product had a density of 2.66 g/cm3.



4,963,514

7

EXAMPLE 5

In Example 4, by using electro-fused silica powder
with an average particle size of about 6 pm as the silicon
dioxide powder, a sintered product having the same 5

composttion and under the same conditions as in Exam-
ple 4 was obtained.

The sintered product obtained had a density of 2.63
g/cm?,

In this Example, in a thick sample formed by laminat-
ing the green sheets, cracks were frequently observed in
the sample during firing, and a transition of a part of the
silicon dioxide to silica glass did not occur, and proba-
bly existed as crystobalite.

EXAMPLE 6

To 78.5 parts by weight of electro-fused mullite pow-
der with an average particle size of about 2 um were
added 20 parts by weight of silicon dioxide powder
with an average particle size of about 2 um followed by 20
3 parts by weight of yitrium oxide, and a green sheet
was prepared and fired by the same procedure as in
Example 1. |

The sintered product had a density of 2.78 g/cm3.

EXAMPLE 7

To 69.4 parts by weight of mullite powder with an
average particle size of about 8 um obtained by the
sol-gel method were added 28.6 parts by weight of
silicon dioxide powder with an average particle size of 30
about 10 um followed by 2.5 parts by weight of yttrium
oxide powder, and a green sheet was prepared and fired
by the same procedure as in Example 1.

The sintered product had a density of 2.77 g/cm?.

EXAMPLE 8

In Example 7, the amount of silicon dioxide was
changed to 29.6 parts by weight and 1 part by weight of
magnesium oxide was added instead of yttrium oxide,
and a green sheet was prepared and fired by the same
procedure as in Example 1.

The sintered product had a density of 2.59 g/cm?.

EXAMPLE 9

To 40 parts by weight of electro-fused mullite pow-
der with an average particle size of 2 um were added 60
parts by weight of silicon dioxide powder with an aver-
age particle size of 2 um, followed by 0.2 parts by
weight of yttrium oxide, and a green sheet was prepared
and fired by the same procedure as in Example 1.

The sintered product obtained had a density of 2.50
g/cmd.
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EXAMPLE 10

To 38.4 parts by weight of electro-fused mullite pow-
der with an average particle size of 2 um were added 60
parts by weight of silicon dioxide powder with an aver-
age particle size of 10 um followed by 1.6 parts by
weight of yttrium fluoride and 0.4 parts by weight of
niobium oxide (NbyOs), and a green sheet was prepared 60
and fired in a weak reducing atmosphere of 1570° C. for
2 hours by the same procedure as in Example 1.

The sintered product had a density of 2.65 g/cm?.
Although the product was maintained at a temperature
of 1450° C. under a neutral gas aimosphere for 1 hour, 65
the appearance of the sintered product was not
changed. The flecks or the spots mentioned above were
never generated.

33
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EXAMPLE 11

By the same procedure as in example 10, except that
the added amount of niobium oxide was 0.2 parts by
weight, a sintered product was obtained.

The sintered product obtained had a density of 2.66

g/cm3. Although the sintered product was heat treated
at a temperature of 1450° C, as in the example 10, the

appearance thereof was not changed.
EXAMPLE 12

By the same procedure as in example 10, except that
1 part by weight of vanadium oxide (V20s) instead of
niobium oxide was added, a sintered product was ob-
tained. The density of the sintered product was almost
the same as that when niobium oxide was added. The
obtained product was heat treated at a temperature of
1450° C. as in Example 10, and the appearance of the
sintered product was not changed. But however, as
compared with a sintered body in which niobium oxide
was added, it was slightly colored yellow.

EXAMPLE 13

By the same procedure as in example 10, except that
] part by weight of tantalum oxide (Taz0s) instead of
niobium oxide was added, a sintered product was ob-
tained. The density of the sintered product was almost
the same as that when niobium oxide was added. The
obtained product was heat treated at a temperature of
1450° C. as in Example 10, and the appearance of the
sintered product was not changed. Note, a larger added
amount of Ta;Os was required, compared with that of
riobium oxide.

COMPARATIVE EXAMPLE

By the same procedure as in example 10, except that

the added amount of niobium oxide was zero (0), a

sintered product was obtained. The density of the sin-
tered product was 3.65 g/cm3. The obtained product
was heat treated at a temperature of 1450° C. as in Ex-
ample 10, and consequently, many circular flecks and
the like could be seen over the entire surface of the
sintered product. The flecks were spot-shaped having a
grayish color in a white sintered product surface, and
were variously sized t0 a maximum diameter of 4 mm.
When light was applied to the sintered product it was
confirmed that only the fleck portions were translucent.

Table 1 shows the thermal expansion coefficients,
dielectric constants, flexural strengths obtained by mea-
suring the sintered products of the above Examples. As
shown in the Table, the ceramic compositions of the
present invention had a superior thermal expansion
characteristic and dielectric characteristic, and a re-
quired mechanical strength.

Particularly, with respect to the thermal expansion
coefficient, the product obtained had a specific feature
in that the thermal expansion coefficient thereof was
substantially identical to that of a silicon semiconductor
device.

TABLE 1

Example: 1 4 6 9
Amount of Si07 31.3 40.0 20.0 60.0
added (parts by weight)

Thermal expansion 3.75 3.40 3.98 2.70
coefficient (X 10—%/°C.) -

Dielectric constant 3.90 5.71 6.34 5.10
(1 MHz) |

Flexural strength 3000 2200 — —
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TABLE 1-continued
Example: | 1 4 6 9

FIG. 4 is a graph showing the temperature change of
the thermal expansion ratio of the ceramic composition
according to the present invention, and for comparative
purpose, the thermal expansion ratios of silicon, the
ceramic composition obtained in Example 1 (MS1), the
ceramic composition obtained in Example 4 (MS2), the
mullite ceramic of the prior art, and the 929% by weight
alumina ceramic of the prior art. As can be seen from
the graph, the ceramic of Example 1 exhibits a value
very close to the thermal expansion ratio of silicon, and
that of the ceramic of Example 4 is substantially 1denti-
. cal to the thermal expansion ratio of silicon. This char-
acteristic cannot be obtained as the thermal expansion
ratio of the mullite ceramic of the prior art.

Note, the present invention is not limited to the above
Examples, and many modifications can be made within
a scope not departing from the spirit of the present
invention. |

The ceramic composition of the present invention has
a superior thermal expansion characteristic and dielec-
tric characteristic to the ceramics of the prior art, and
has a required flexural strength.

Also, by making the compositional ratio of silicon
dioxide in the starting material mixture 30% to 50% by
weight, the composition can be preferably used as the
package and the substrate material for electronic parts.

Further, by adding a group Ila element compound or
a group IIla element compound as the sintering aid,
densification of the sintered product can be promoted,
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and the optimum firing temperature can be varied.
Moreover, firing is possible under the same conditions
by using a furnace used for the firing of the alumina
ceramic usually used as the material for electronic parts
in the prior art, and therefore, remarkable effects such
as a great economical advantage can be exhibited. Fur-
ther, by adding a small amount of the group Va element
oxide, the generation of flecks or spots in a flattening
process for the substrate can be efficiently prevented.

What is claimed is:

1. A mullite-silica glass composite ceramic consisting
essentially of the product formed by firing at a tempera-
ture of 1500° to 1650° C. a starting material mixture
consisting essentially of mullite powder, 10-70% by
weight of silicon dioxide powder and 0.1-35% by
weight, based on the mullite powder, of a group 11IA
element compound.

2. A mullite-silica glass composite ceramic according
to claim 1, wherein 30% by weight to 50% by weight of
silicon dioxide powder is added to mullite powder.

3. A mullite-silica glass composite ceramic according
to claim 1, wherein said group Iila element compound
is selected from the group consisting of Y,03, CeOs,
La(C0O3)3, Lay03, and YF3 and mixtures thereof.

4. A mullite-silica glass composite ceramic according
to claim 1, wherein a group Va element oxide in the
amount of 0.05 to 2.0% by weight is further added to
the mixture.

5. A mullite-silica composite ceramic according to
claim 4, wherein said group Va element oxide is se-

lected from the group consisting of NbyOs, V205 and
TasOs.
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